Human parvovirus B19 (B19) was discovered in 1974 and is the only member of the family Parvoviridae that is known to be pathogenic for humans.
Human parvovirus B19 (B19) was discovered in 1974 and is the only member of the family Parvoviridae that is known to be pathogenic for humans. 1) Nearly 50% of all people are positive for B19 antibody 2) and this virus is ubiquitous, but its manifestations vary with the immunologic and hematologic status of the host. In healthy immunocompetent children, B19 generally causes erythema infectiosum, an innocuous rash. Particularly in adults, B19 infection is occasionally associated with chronic symmetric polyarthropathy that may mimic rheumatoid arthritis, as well as with anemia and fetal hydrops, [3] [4] [5] which are caused by reactivation of persistent B19 infection. 5) The B19 virion has a simple structure composed of only two proteins (VP1 and VP2) and a linear, single-stranded DNA molecule. 6) The nonenveloped viral particles are about 22 to 24 nm in diameter and show icosahedral symmetry. After infection, two non-structural proteins (NS1 and NS2) are expressed by host cells. The effects of NS1 protein are well characterized, with the target cells of B19 being erythroid progenitor cells, liver cells, and monocyte/ macrophages, 7, 8) and NS1 being expressed by these cells. The B19 capsid is composed of two capsomer proteins (VP1 and VP2), which are encoded by overlapping reading frames.
9,10) VP2 is the major structural protein, accounting for 96% of all capsid protein. 11) This protein is encoded by the sequence from nt 3125 to 4786 and has a molecular mass of 58 kDa. 11, 12) The minor capsid protein, VP1, is encoded by the sequence from nt 2444 to 4786 and is identical to VP2 apart from the addition of 227 amino acids (termed the VP1-unique region) at its amino terminus. 11, 12) VP1 protein has a molecular mass of 84 kDa and makes up the remaining 4% of the capsid protein.
11)
The monocyte is one of the important immunocompetent cells involved in fighting viral infection, which causes the differentiation of monocytes into macrophages. Macrophages have phagocytic activity and express important cytokines such as IL-1, IL-12, TNF-a and IFN-g after viral infection. Generally, unenveloped viruses are believed to insert pores into the plasma membrane or disrupt vesicle membranes within the endocytic pathway, but the mechanisms involved in the entry of naked viruses into monocytes are not fully understood.
B19 is difficult to culture in the laboratory. Bansal et al., empty capsids consisting of the two B19 structural proteins (VP1 and VP2) have already been used to mimic B19 infection in a murine model. 13) In the present study, we investigated the effect of B19 capsids on a human monocyte/macrophage cell line, including production of inflammatory cytokines and maturation.
MATERIALS AND METHODS

Cell Culture
The human monocyte cell line THP-1 was maintained at 37°C under an atmosphere containing 5% CO 2 in RPMI-1640 medium supplemented with 1.5 g/l sodium bicarbonate, 1 mM sodium pyruvate, 10 mM HEPES, 2.5 g/l Dglucose, 0.05 mM 2-mercaptoethanol, and 10% fetal bovine serum. THP-1 cells were kindly donated by the Cell Resource Center for Biomedical Research, Institute of Development, Aging and Cancer, Tohoku University (Miyagi, Japan).
VP Antigen Recombinant empty capsid protein of human parvovirus B19 (rB19ECP) was kindly provided by Denka Seiken (Tokyo, Japan). rB19ECP was composed of VP1 and VP2 at a ratio of 5 : 95, respectively.
Treatment with LPS THP-1 cells (5ϫ10 5 cells per well) were dispensed into 6-well culture plates and incubated for 24 h at 37°C under 5% CO 2 . The cells were then treated with lipopolysaccharide (LPS) (1 mg/ml; Sigma, Tokyo, Japan) and incubated for 2 to 24 h.
Treatment with VP Antigen THP-1 cells (5ϫ10 5 cells per well) were dispensed into 6-well culture plates and incubated for 24 h at 37°C under 5% CO 2 . The cells were then treated with VP antigen (0.1, 0.5, 1 mg/ml) and incubated for 2 to 24 h. Human parvovirus B19 is a clinically important pathogen in both children and adults. In adults, it frequently causes acute and chronic arthritis, which may be related to persistent infection. The effect of the capsid of human parvovirus B19 on monocytes, which are thought to be responsible for the first line of defense against parvoviral infection, is not well understood. In this study, we investigated changes in mRNA expression levels of several immunoregulatory cytokines in monocytic cells after treatment with the B19 capsid. When human monocytic cell line THP-1 cells were treated with the B19 capsid, the expression of tumor necrosis factor alpha (TNFa a) mRNA was suppressed independently of transforming growth factor beta (TGF-b b ) mRNA. In contrast, the level of mRNA for interleukin-1 alpha (IL-1a a) remained unchanged, and that for interleukin-1 beta (IL-1b b) was slightly increased after the capsid treatment. Flow cytometry demonstrated that THP-1 cells treated with B19 capsid showed no differences in surface expression of CD11a, CD16 and CD33, as compared with control cells. These findings that B19 capsid antigen did not promote positive responses for production of TNF-a a and IL-1a a may provide insight into the mechanisms of persistent infection of human parvovirus B19 and the systemic viral spread via bloodstream.
RNA Extraction and Reverse Transcription-Polymerase
In Vitro Response of Immunoregulatory Cytokine Expression in Human Monocytic Cells to Human Parvovirus B19 Capsid
Chain Reaction (RT-PCR) Total RNA was extracted from cells using an RNeasy Mini Kit (Qiagen, Tokyo, Japan) according to the manufacturer's protocol for animal cells. The concentration of RNA was measured by spectrophotometry and the samples were stored at Ϫ80°C until use. Reverse transcription of 1 mg RNA was performed with Superscript III (Invitrogen, Tokyo, Japan). The resulting cDNA (1 ml) was then subjected to PCR with specific primers for TNF-a (5Ј-gagtgacaagcctgtagcccatgttgtagca-3Ј and 5Ј-gcaatgatcccaaagtagacctgcccagact-3Ј), 14) IL-1a (5Ј-ccactccatgaaggctgcatg-3Ј and 5Ј-ggtgctgacctaggcttgatg-3Ј), 15) IL-1b (5Ј-cctgtggccttgggcctcaa-3Ј and 5Ј-ggtgctgatgtaccagttggg-3Ј), 15) TGFb (5Ј-gccctggacaccaactattgct-3Ј and 5Ј-aggctccaaatgtaggggcagg-3Ј), 16) and b-actin (5Ј-gacaggatgcagaaggagat-3Ј and 5Ј-ctagaagcatttgcggtgga-3Ј). 17) PCR was performed in a GoTaq (Promega, Tokyo, Japan) with primers and cDNAs in a Thermal Cycler Dice (TaKaRa, Tokyo, Japan). The conditions were 94°C for 5 min followed by 20, 25 and 30 cycles of 94°C for 30 min, 60°C for 30 s, and 72°C for 1 min. PCR products were visualized by 1% agarose gel electrophoresis and staining with ethidium bromide. The levels of transcripts were normalized for host cell expression of b-actin mRNA.
Flow Cytometry THP-1 cells were cultured with or without VP antigen (1 mg/ml) and PMA (5 ng/ml) 18) for 24 h and then flow cytometry was performed as described previously. 19) Briefly, cells were washed with 0.2% BSA/PBS, followed by incubation for 20 min at 4°C with monoclonal antibodies (anti-CD45, anti-CD11a, anti-CD16 and anti-CD33). Then lysing reagent was added to the cells and incubation was done for 10 min. The cells were subsequently washed twice with PBS, followed by analysis on a FACSCalibur (Becton Dickinson, Tokyo, Japan) flow cytometer.
Statistical Analysis Statistical analysis was performed with Student's t-test and Dunnett's test, and pϽ0.05 was considered to indicate statistical significance.
RESULTS
Expression of TNF-a a mRNA by LPS-Treated THP-1 Cells
To confirm that THP-1 cells could express TNF-a mRNA, these cells were treated with LPS. The level of TNFa mRNA showed a significant increase compared with that in control cells after 6 and 24 h of LPS treatment (Fig. 1) , confirming that THP-1 cells can express TNF-a.
Expression of Cytokines by Capsid-Treated THP-1 Cells
The growth of THP-1 cells treated with VP antigen showed no difference from the control (Fig. 2) . We investigated the expression of mRNAs for inflammatory cytokines, such as TNF-a, IL-1a, IL-1b, and TGF-b, after THP-1 cells were treated with VP antigen (0.1, 0.5, or 1 mg/ml). The level of TNF-a mRNA was suppressed compared with the control after 12 h (0.5, 1 mg/ml) of treatment (Fig. 3) . We observed quite similar suppressive effects (approx. 30% suppression) when the PCR was conducted in either 25 or 30 cycle (Figs.  3A, B) , indicating the reproducible suppression of TNF-a mRNA upon the treatment with VP antigen. The levels of IL1a mRNA in the VP-treated cells showed no significant change compared with those in control cells (Fig. 4) , but IL1b mRNA was slightly increased after 6 h of treatment at 1 mg/ml, as compared with the control (Fig. 5) . The level of TGF-b mRNA, which is one of the factors that suppress TNF-a, in the VP treated cells was not substantially changed, as compared with that in control cells, during 2 to 24 h after the treatment with VP antigen at 0.1 to 1 mg/ml (Fig. 6 ). There were no significant changes of the cytokine mRNA levels at other times.
Cell Surface Molecule Expression by B19 CapsidTreated THP-1 Cells Flow cytometric analysis of THP-1 cells with or without exposure to VP antigen (1 mg/ml) and PMA (5 ng/ml) showed strong surface expression of CD11a and CD33. In addition, in part of THP-1 cells with exposure to PMA showed surface expression of CD16. CD11a is a marker for macrophages and monocytes, while CD16 and CD33 is marker of macrophages and monocytes, respectively. VP treatment made no difference to the expression of these antigens compared with that by control cells (Fig. 7) , it is suggested that VP antigen did not seem to promote monocyte/macrophage differentiation.
DISCUSSION
Some of the important factors involved in defense against viral infection are fever, NK cell activity, and cytotoxic T cells. Such factors are associated with the production of TNF-a and IL-1 by virus-infected macrophages.
TNF-a plays an important role in controlling viral infection by directly inducing the apoptosis or necrosis of infected cells. 20) However, TNF-a can also have harmful effects, so its production is strictly regulated by systems that control gene activity, mRNA stability, and translation. 21, 22) In inflammatory reactions, the major source of TNF-a is macrophages and activated leukocytes. 20) NK cells are activated by TNF-a, INF-g, and IL-12, and these cells are important to the inflammatory process as well as for protection against vial infection. In the present study, we examined the change of the expression of TNF-a by THP-1 cells after the treatment with VP antigen. Analyses by RT-PCR demonstrated that TNF-a expression was transiently suppressed when THP-1 cells were treated with VP antigen. It is possible that VP participates in the regulation of TNF-a transcription in THP-1 cells.
IL-1a and IL-1b are important cytokines produced by macrophages, both of which induce TNF-a production and fever. The ultimate function of the host defense system is elimination of the invading organism whether by phagocytosis and antibodies, or by the induction of cytotoxic T cells to destroy virus-infected cells. Our results showed that IL-1a expression did not change significantly when THP-1 cells were treated with VP antigen, and that IL-1b expression was only slightly increased after 6 h of treatment. The pathophysiological significance of the transient increase of IL-1b level is not clear at present, and should be clarified in the future study. One possibility is that the binding of the VP antigen to its specific receptor on monocytic cells transduces signals leading to differential regulation for TNF-a, IL-1a and IL1b production.
Because THP-1 cells showed low expression of TNF-a and IL-1a, it seems that these monocytes did not recognize VP antigen as foreign. The monocytes become to have the major anti-virus infectious response by monocyte/macrophage differentiation. VP antigen also did not seem to promote monocyte/macrophage differentiation, because flow cytometry of THP-1 cells treated with VP antigen revealed no differences of surface molecule expression compared with control cells (Fig. 7) . These results were suggested B19 infected monocytes may be not have the major anti-B19 infectious response.
The present study demonstrated that VP antigen did not promote the expression of TNF-a and IL-1a, and also monocytes/macrophage differentiation, providing an explanation for the mechanism of persistence of B19 infection. Moreover, VP antigen did not provoke fever, increased NK cell activity, or production of cytotoxic T cells. Our findings suggest that B19 may cause persistent infection of monocytes and thus spread throughout the body via the bloodstream.
